and p Glu
Lys in the polyglutamylase encoding gene TTLL5 in eight patients from six families The two male patients carrying truncating TTLL5 variants also suffered from a substantial reduction in sperm motility and infertility whereas those carrying missense changes were fertile Defects in this polyglutamylase in humans have recently been associated with cone photoreceptor dystrophy while mouse models carrying truncating mutations in the same gene also display reduced fertility in male animals We examined the expression levels of TTLL5 in various human tissues and determined that this gene has multiple viable isoforms being highly expressed in testis and retina )n addition antibodies against TTLL stained the basal body of photoreceptor cells in rat and the centrosome of the spermatozoon flagellum in humans suggesting a common mechanism of action in these two cell types Taken together our data indicate that mutations in TTLL5 delineate a novel allele specific syndrome causing defects in two as yet 
RESULTS

Clinical and molecular findings
Our research started with the molecular characterization of a Swiss male patient P aged years presenting with a late onset cone dystrophy CD (e was the eldest of three brothers and his parents were first cousins Figure F without any history of ocular problems The patient was first seen at the age of years when he first noticed blurred vision (is best corrected Snellen visual acuity BCVA at that time was in the right eye and in his left eye Seven years later his BCVA was still stable but worsened when he was years old dropping dramatically to in the right eye and in the left eye (e was also complaining of a reduced dark adaptation Twenty two years later his vision remained stable with the patient using more of his peripheral vision
The clinical examination was typical of a cone dystrophy the fundus examination showed central foveal atrophy with peripapillary hyperpigmentation and atrophy while the peripheral retina was within normal limits Figure  The first ERGs performed when the patient was years old showed normal scotopic responses whereas photopic responses had severely reduced amplitude The following ERG testing when the patient was years old showed some rod involvement with reduced rod specific b wave The (z flicker was undetectable Autofluorescent AF images at age years Figure  showed central hypofluorescence corresponding to atrophy surrounded by a large h y p e r f l u o r e s c e n t r i n g A F i m a g i n g a t a g e i n d i c a t e d t h a t t h e ring mildly increased in diameter and so did the area of hypofluorescence Figure  Kinetic visual field tested at this later age showed mild constriction and central scotoma in both eyes
The DNA of the patient was first screened for mutations in known disease g e n e s F o l l o w i n g t h e n e g a t i v e o u t p u t o f a p a n e l b a s e d N e x t G e n e ration Sequencing screening the )ROme we performed whole genome sequencing WGS of the patient s DNA This latter procedure resulted in more than million DNA variants with respect to the human reference genome Build hg These were evaluated by the use of an internal in silico pipeline assessing their frequency in the general population quality etc Table S  as and in ciliated skin fibroblasts Moreover we reveal that the highest levels of expression of the major TTLL5 protein coding isoform is in retina and testis )t is also very interesting to note that in terms of fertility and TTLL5 pathogenic variants there is an apparent genotype phenotype correlation which seems to be irrelevant for retinal degeneration )n other words the phenotype elicited by
TTLL5 pathogenic changes appears to depend on mutation classes Missense variants are seemingly associated with a non syndromic phenotype that is limited to the retina whereas inactivating mutations appear to disrupt functions of both photoreceptors and spermatozoa thus defining a novel allele specific syndrome Y e t t h r e e m a l e p a t i e n t s w i t h t r u n c a t i n g TTLL5 mutations were previously reported having offspring raising the possibility of variable expressivity or reduced penetrance of this class of mutations )n support of the latter hypothesis
Ttll5 knockout mice display extremely reduced but not completely abolished fertility Alternatively this genotype phenotype correlation in our cohort could also be coincidental The association of TTLL5 mutations with severe myopia is another intriguing hypothesis that warrants additional investigation in a larger cohort of patients especially given the complex pattern of inheritance of nearsightedness in humans )n conclusion we show that mutations in TTLL5 are associated with a newly defined syndrome affecting vision and the male reproductive system Despite the fact that cilia and flagella have different morphologies and functions they may share similar physiological mechanisms and the enzymatic reaction of polyglutamylation performed by TTLL may be one of these common elements Figure S1 : Autozygous regions of patients P1, P3, P4, P5, and P6 (panels A, B, C, D, and E, respectively). In all these patients, TTLL5 lies in a region of homozygosity (red arrowhead).
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Figure S2:
Pure-tone conduction audiograms for the index patient P1. Data is shown separately for the left and right ear (LE and RE, respectively). The grey area depicts the hearing ranges (average values ±1 standard deviation) for normal male individuals at age 70-79, as reported by Cruickshanks et al. (1998) . F 5'-ATTGAGGCACATATTGAGG -3' 470 55 R 5'-CCCAAGGAATGACACTAGA -3' E3 F 5'-CAGAAGGAAGGGGAAACTTG -3' 391 55 R 5'-CAGAGGAAAAACATAAGCAG -3' E4 F 5'-CTCATGGTCCAAAATACGTTCA -3' 292 55 R 5'-TAGGTGGCTGGGATTTTCAG -3' E5 F 5'-GGTGAGTACACTGTGGATGAAA -3' 301 57 R 5'-AGGACACTAATTACCTTTGCTG -3' E6 F 5'-TCTAGGACTGTGAACTGTAACT -3' 327 55 R 5'-TTTGGAAAGCCCTGATTGGT -3' E7 F 5'-GTTACTGCCCAACACTTAG -3' 288 55 R 5'-CAATACAAAGGGTGAAGGAG -3' E8 F 5'-AGAACTTTGCTCCCTTATTG -3' 284 57 R 5'-AACCTGCTGCCTTTCTGGA -3' E9 F 5'-TCCGAAGTCAAGGTGTGTG -3' 454 56 R 5'-GAGACTACAGACAAATAAGCC -3' E10 F 5'-TCTCATTGATCCTCAGTTCC -3' 290 59 R 5'-CACCTCTACAACACCCACATC -3' E11 F 5'-CCTTCTTCCCCACCCTCTTG -3' 428 59 R 5'-CAGCAACACTATCAAAGCAAC -3' E12 F 5'-TATAGCACCCATTCAGAAGTC -3' 339 56 R 5'-GAATCACTAAGCCTCTCTACC -3' E13 F 5'-TCTCTGCTTCTACTTCCACTTG -3' 320 56 R 5'-AAACAGTCTTCTAGTGCCAA -3' E14 F 5'-GGCTTTATGTGTTGCTCTTC -3' 414 56 R 5'-CTCCTAATTCCTGTGCCTCA -3' E15 F 5'-TTATGGTGGTTCAGAGTTCAG -3' 392 56 R 5'-CCAAATTCTCCTGCTCTAAGT -3' E16 F 5'-AAGTGGGCTATGAATTTGAG -3' 845 56 R 5'-GGATAGGAAGCTAGTTAGGAG -3' E17 F 5'-TCTCCCTTCATGCTACTTTC -3' 437 56 R 5'-E16 Reverse -3' E18 F 5'-CTGTCTTTTCCTTTGCCACT -3' 354 56 R 5'-AGCATGCTTTCTACAGGACT -3' E19 F 5'-CTAGTGTTCCTCTTTATCTGTC -3' 420 56 R 5'-AGGTGTATGTGATCAGGAAG -3' E20 F 5'-GAAGGTATTGGGAGAGAGGAAC -3' 608 59 R 5'-AAATGCCCAACCAATGAGAC -3' E21 F 5'-CCATCATAATAGAAGCATCCTC -3' 452 56 R 5'-TGAACATAGCTCCAGGTCA -3' E22 F 5'-GTTCTGGGTCTTGTTTGTTG -3' 299 56 R 5'-GCCAGAGAACAGAAGAAGAG -3' E23 F 5'-GGTGGCAAAAGTACATACAAG -3' 395 56 R 5'-AGAACTAAAGGGGTGTGCCA -3' E24 F 5'-AGGGAATTTTCAGCTTGTGC -3' 412 56 R 5'-TACTGTCCCCCATTCTCCAC -3' E25 F 5'-TTAGGGCTGTGGGTGTCTTC -3' 502 56 R 5'-CCCCTTCTTTTCACCCTTCT -3' E26 F 5 '-GTTGTTTCTGGTAGGCAAA  -3'  654  56  R 5'-AAAGGCAAAGGGAAGAGATGA  -3'  E27  F 5'-GGCAGTTTGGTAATAGGAAG  -3'  497  56  R 5'-AAGAGGCATCAGTATATGGGA  -3'  E28  F 5'-TTCCTTCCTGAGTGCCTTTG  -3'  427  56  R 5'-CAGGTGGAGAAAGGGCATAT  -3'  E29 F 5'-ACTGTGCTTGGTTCCATATTG -3' 338 56 R 5'-CCTACATTTCTCATTCACTG -3' E30 F 5'-CTGGCAACATTAGAGAAGT -3' 502 56 R 5'-TTAGCCTTTATTTCCCAGCAG -3' E31 F 5'-AAGGAAGTGAGTGAATGAGCCA -3' 348 56 R 5'-TGCCCATTTGCCAATGTTTT -3' E32 F 5'-CCACTTAGAGGTGAACTTCAT -3' 394 56 R 5'-CCACTGCCAAGTTCCATCAAAA -3' 
